INTRODUCTION

Informations
on the time interval between the injection of nuclear debris into the atmosphere and their appearance on the earth surface would be useful for understanding the movement and mixing of the atmosphere.
Moreover, informations of the contribu tion of fresh nuclear debris to the total deposition would be useful for the same purpose. In the present study it was attempted to obtain such informations by observing the variation with time of the activity ratios of 103Ru to 106Ru and 141Ce to 144Ce in rain water.
METHODS AND RESULTS
The variation with time of the isotopic activity ratios of 103Ru to 106Ru and 141Ce to 1d4Ce in rain water was observed in the period from the end of 1969 to August 1972 .
Rain water was collected at each rainfall using a rain collector of about 10m2 collecting area which was placed on a roof of our laboratory, and evaporated to dryness. A r-ray spectrum of the evaporated residue was measured with a Ge (Li) detector (ORTEC 8011 0727) shielded with 20 cm iron and connected with a 4096-channel pulse height analyzer. Using such a spectrum the activity ratio of 141Ce (half-life 33 d) to 144Ce (half-life 284 d) is easily estimated from the areas of photopeaks due to 141Ce 145.4 keV 7-ray and 144 Ce 134.7 keV r-ray. Quite similarly the activity ratio of lo3Ru (half-life 39.6 d) to 106Ru (half life 367 d) can be estimated from the areas of photopeaks due to '°3Ru 497 keV r-ray and 106Ru 513 keV or 624 keV 7-ray . In Fig. 1 is shown the observed variation with time of these two activity ratios in rain water, where the activity ratios are corrected for decay to the respective sampling times. It can be seen that in general the two activity ratios varied with time quite similarly.
However, it is noticed that the variation of the radioruthenium ratio was more complicated than that of the radiocerium ratio. At the top of Fig. 1 are shown the dates of major nuclear explosions carried out in the obser vation period. Peak A can be considered to indicate that the nuclear debris injected into the strat osphere by the Chinese explosion of September 29, 1969 were detected in rain water in Japan about 150 days after the explosion. Shortly after this explosion very little fresh nuclear debris were detected in rain water and airborne dust, and so a considerably large fraction of the produced debris was assumed to be injected into the stratosphere.
Behounek et al. ' , as the result of their observation on the variation with time of gross beta activity of ground level air after the Chinese explosion of December 27, 1968, reported that the activity maximum occurred 7.5 months after the explosion. They also reported that Santholzer found the maximum activity in the precipitation samples two months earlier than the maximum activity in air (5.5 months after the explosion). The maximum activity may be a result of the appearance on the earth surface of the nuclear debris injected into the stratosphere by the Chinese explosion. Persson et al.z) observed a long time interval of 56 days between the Chinese explosion of June 17, 1967 and the appearance of the fallout, and assumed that the bulk of the debris produced by this explosion (assumed to have been carried out at an altitude lower than 14 km) was car ried to the stratosphere by the rising fireball. It was reported by Krey3) that most of the nuclear debris produced by the Chinese explosion of June 17, 1967 was introduced relatively high in the stratosphere.
Discriminating from the fallout originating from this explosion, Noshkin4) detected the first appearance of the fallout originating from the Chinese explosion of December 24, 1967 one month after the explosion and observed the persistence of a recognizable cloud for more than 4 months after formation and for five and a half circuits of the globe taking a period of 16 to 20 days. He assumed that some of the debris must have entered the upper troposphere or lower stratosphere. The result of our observation that the maximum activity ratios appeared about 5 months after the explosion agrees rather well with that of Santholzer's observation, although both the explosion in question and the method of investigation were different. It appears that the debris injected into the stratosphere became noticeable on the ground level rather suddenly after a long time interval. Peak B :
Peak B in April, 1970, which was observed only in the radioruthenium ratio, seems to be associated with the spring maximum in 1970. The maximum deposition of the debris which were injected into the stratosphere by the Chinese explosion of September 29, 1969 possibly occurred at this time of the year.
Peaks C, D and E :
Peaks C, D and E, which were observed clearly only in the radioruthenium ratio, are considered to be ascribed to the influence of a series of French nuclear explosions car ried out in the southern hemisphere from May to August, 1970. This series of explo sions were separated in three groups. The first (May 16, 23 and 31), the second (June 25 and July 4) and the third (July 28, August 3 and 7) groups possibly are related to the peaks C, D and E, respectively, and this assumption leads to the conclusion that it took about 50 days for the fresh debris to reach Japan from the test site in the southern hemisphere.
These debris were undoubtedly tropospheric. Previously we also concluded that the fresh debris produced in the southern hemisphere by the French explosions carried out in July, 1968 reached Japan 45 to 50 days after the explosions.
This con clusion was mainly based on the detection of short-lived radionuclides 140Ba and 140La in rain water').
Sotobayashi et al.6) also obtained the same conclusion. In the present study the detection of 140Ba and 140La could not be evidence of the visit of the French nuclear debris for the following reason.
In Fig. 1 the symbols "+" show the dates when 140Ba and "'La were detected in rain water. These nuclides were detected already in June, 1970, possibly originating from the venting underground explosion carried out by U. S. A. on May 26, 1970. The nuclides 140Ba and 140La are liable to be released in underground bursts together with 89Sr, because their precursors in mass chain are inert gases7'8.9>. and by Crockerl2,.
As can be seen in Fig. 1 to 1o6Ru is much higher than that of 141Ce to 144Ce , as shown in Table  1 , and thus the influence of the first and the second groups of explosions was more likely to appear in the radioruthenium ratio than in the radiocerium ratio. Peaks F, G, H and I: Peaks F and G, which were observed in October and November, 1970, respectively, are obviously due to the tropospheric debris from the Chinese nuclear explosion of Oc tober 14, 1970. We found the first visit of the fresh nuclear debris from this explosion in a rain water sample collected on October 16 (corresponding to peak F), by detecting short lived radionuclides such as 239Np, 99Mo, 140Ba 140La, 132Te, 131I and 1121. Peak G, which is much higher than peak F, appeared about one month after the explosion. The time interval between peaks F and G may be regarded as the time of the debris cloud circuit around the globe. Then it was expected that we would observe again high values of the activity ratios of both radioruthenium and radiocerium rather abruptly in earlier months of 1971. Peak I which was observed in February to March, 1971 is the very peak that we expected. These peaks were observed shortly after the respective explosions and therefore they were undoubtedly caused by the first visit of the tropospheric debris produced by the respective explosions. Thus the peak values of the activity ratios observed in this period are much higher than those observed in the period from 1970 to 1971, during which most of the peaks were caused by the visit of the stratospheric debris, or of the tropospheric debris after some circuits around the globe. The broad peak in the period from April to June shows the spring maximum in 1972. The small peak M in June 1972 appearing on the slope of the spring maximum was possibly caused by the venting underground explosion carried out on June 7, 1972 by U. S. S. R.
2. Estimation of the contributions of the 1o6Ru and 144Ce produced by a new explo sion to the total depositions of 106Ru and 144Ce.
According to the report of Telegadas and Murayama10>, the contribution of the 90Sr pro duced by a new explosion to the total deposition of 90Sr is expressed by the following ratio.
(90Sr).,w _ A-C R= (90Sr),,tA1 D-C A : the ratio of 89Sr to 90Sr at the sampling time (observed), C : the ratio of 89Sr to 90Sr of the nuclear debris ascribed to the old explosions (es timated from the activity ratios observed just before the appearance of the nu clear debris produced by the new explosion in question), D : the ratio of 89Sr to 90Sr of the nuclear debris ascribed to the new explosion (calculated).
It was attempted to apply this principle to the estimation of the contributions of the 106Ru and 144Ce produced by a new explosion to the total depositions of '°6Ru and 144Ce , respectively. The activity ratios of 103Ru to 106Ru and 141Ce to 144Ce immediately after explosion, from which the values of D are determined, are shown in Table 1 . They were calculat ed for three kinds of nuclear reactions using the fission yield tables given by Weaver et al.") and by Crocker12>. The results obtained are shown in Figs. 2 and 3 .
The values of R relating to the three groups of French explosions of 1970, with which peaks C, D and E are associated, were calculated assuming three dates of ex plosion, namely, May 16, June 25 and July 28. The values of R thus found are in a range from a few tenths to a few percent for the three assumed modes of explosion. The fresh nuclear debris having originated from the Chinese explosion of October 14, 1970 produced peak G, possibly after a circuit around the golbe. The values of R for 106Ru and 144Ce relating to this explosion at the time of peak G were calculated to be about 10 and 5 percent, respectively, on the assumption that the mode of explosion was 238U(HB).
Similarly, the values of R for 1o6Ru and 144Ce relating to the venting underground explosion in Nevada by U. S. A. at the time of peak H were found to be about 6 and 3 percent, respectively. The nuclear debris injected into the stratosphere by the Chinese explosion of October 14, 1970 began to be noticeable in rain water in Japan rather abruptly in the first half of February 1971, as shown by the sharp increase in the activity ratios. It is seen in Fig. 1 that the peak corresponding to this increase was followed by the spring maxi mum in 1971. The 106Ru and 144Ce depositions during the period of this spring maxi mum can be regarded to originate almost wholly from the Chinese explosion of October 14, 1970, because it was a large scale, rather isolated explosion.
Both the values of R for 106Ru and 144Ce relating to this explosion were found very high. The values of R for 1o6Ru in the period from February to June 1971 are larger than 100 percent for the fission modes of 238U(HB) and 238U(HE). This possibly means that the fission mode of 231U(TH) was not insignificant in this Chinese explosion .
Peak J in Fig. 1 was caused by the tropospheric debris produced by the Chinese explosion of November 18, 1971 . The values of R relating to this explosion calculated for the modes of 238U(HB) and 238U(HE) reached several tens percent.
Peak K was caused by the tropospheric debris produced by the Chinese explosion of January 7, 1972 . The values of R relating to this explosion calculated for the modes of 238U(HB) and 238U(HE) reached 20 to 60 percent. Peak L was caused by the tropospheric debris produced by the Chinese explosion of March 18, 1972. On the assumption that peak L and the following broad peak due to the spring maximum in 1972 were caused mainly by the influence of this explosion, the values of R were calculated.
The values of R thus calculated for the modes of 238U
(HB) and 238U(HE) reached 40 to 70 percent. The calculated contributions described above appear reasonable and it is possible to make use of the method of calculation given by Telegadas and Murayama for detecting fresh nuclear debris discriminating from old debris.
